Opinion Statement Many individuals with autism spectrum disorder and intellectual disability are candidates for augmentative and alternative communication (AAC). We review two current trends in AAC research involving persons with ASD and intellectual disability. The first trend is the use of smartphone and tablet devices in AAC interventions. The second trend is the direct comparison of the relative efficacy of differing AAC options, for example comparing the use of manual signs versus picture-based communication systems versus speech-generating devices. Studies in the first group suggest that this new technology can be effectively used in AAC intervention. Studies in the latter group have found differences in how quickly some individuals have learned to use different options and differences in preference for the various options. These research trends suggest a possible new direction for AAC intervention that incorporates aspects of self-determination.
Introduction
Augmentative and alternative communication (AAC) refers to an area of research and clinical specialization that spans several disciplines, including: (a) assistive technology, (b) psychology, (c) rehabilitation, (d) special education, and (e) speech-language pathology. AAC research has covered a wide range of topics; from developing new and more effective methods of implementing AAC, to investigating the effects of AAC use, to evaluating innovative assistive communication technologies [1] [2] [3] [4] [5] . Clinical practice in AAC is largely concerned with enabling people with limited speech and language to communicate using one or more alternatives to speech [1, 2, 4] . AAC systems are also often used to augment unintelligible speech [1, 4] .
A range of non-speech communication modes have been evaluated in AAC research and implemented in clinical practice. Specific modes within this range have been classified as either unaided or aided [1] . Unaided modes include the use of gestures and manual signs. Such modes are considered unaided because communication with them does not require any external materials or equipment. Unaided AAC is considered for individuals with sufficient motor control to produce the required gestures/manual signs and when communicating with listeners who can interpret the person's gestures/manual signs. Aided AAC, in contrast, requires external materials or equipment. For example the person might use an alphabet board to spell out a message or select graphic symbols (e.g., line drawings or photographs) from a picture board. Another type of aided AAC system is the use of electronic speechgenerating devices [1] . Aided AAC may be indicated when the person lacks sufficient motor control for using gestures and manual signs or when the person must communicate with listeners who do not understand sign language.
AAC is indicated for individuals who present with severe communication impairment or complex communication needs. The term severe communication impairment is used in situations where the person's speech is too limited and/or too unintelligible to provide an effective means of communication [1] . Severe communication impairment is prevalent among individuals with autism spectrum disorder (ASD) and intellectual disability [6] . For such persons, a critical part of the AAC process is to design and implement evidence-based interventions. It is generally not enough to simply provide the person with an AAC system. Instead, there is typically a need for systematic, and often intensive, intervention to ensure the person learns how to use AAC for functional communication.
In light of this need, the aim of this paper is to review two current and major research trends related to designing and implementing effective AAC intervention for individuals with ASD and intellectual disability and severe communication impairment. A review of this type is intended to highlight the major emerging research trends in the field and advance evidence-based practice with respect to the provision of AAC intervention to individuals with ASD and intellectual disability and severe communication impairment.
Autism Spectrum Disorder
ASD is a neurodevelopmental disorder associated with persistent deficits in social communication and social interaction, restricted interests, and repetitive behavior [7] . The prevalence of ASD has increased significantly over the past 20 years, owing in part to a broader definition and improved diagnostic practices [8] . Current prevalence is estimated at one in about every 88 children and it is four to five times more common in boys than girls [9] . There is no known cause, but genetic factors appear to be significant [10] . A significant percentage of individuals with ASD also have severe intellectual disability and severe communication impairment [7, 9] .
The communication abilities of individuals with ASD can vary from quite good speech, but perhaps odd and unusual intonation patterns, to highly repetitive/perseverative speech, to cases of severe communication impairment meaning that the person develops very little or no speech. The latter condition is generally found only among individuals with ASD who would also be assessed as functioning in the severe range of intellectual disability. For the purpose of the present paper, our target population is primarily individuals who have severe communication impairment associated with ASD and/or intellectual disability. While such individuals might learn to speak with intensive early intervention [11] , approximately 25 to 30 % of these individuals fail to develop sufficient speech to meet their every day communication needs even with intensive intervention [6] . There is general consensus that individuals with ASD and severe communication impairment are candidates for AAC intervention [11, 12] . There is now extensive evidence to support and guide the use of AAC with individuals with ASD and/or intellectual disability who also have severe communication impairment [11, 12] .
Current Trends in AAC Intervention for Persons with ASD
Since the last major survey into the use of AAC for individuals with ASD [12] , two main developments have occurred. First, new technologies (mainly the Apple iPod®/iPad® and compatible applications) have emerged. Second, a number of studies have investigated the comparative suitability of a range of AAC options for individuals with ASD.
Technological Developments
A major recent technological advance in the field has been the development of specialized speech-generating software applications (e.g., Proloquo2Go TM ; [13] ) that can be used with smartphone and tablet devices/technology (e.g., Apple iPod Touch® and Apple iPad®). With such software applications, an iPod Touch® or iPad® can be used as an aided AAC (speech-generating) device. Specifically, the software enables the device to be programmed so that tapping or lightly touching screen icons (e.g., line drawings or photographs) produces corresponding synthesized speech output. Tapping a line drawing of a glass of water, for example, could produce a correspondingly relevant phrase (e.g., "I am thirsty and would like a drink of water please."). Mirenda [14] noted several potential advantages of this new technology with respect to its use in AAC interventions for individuals with ASD. Specifically, such systems have the potential advantages of having (a) a large set of icons available in the software program, (b) high-quality synthesized voice output, (c) portability due to the relatively small size and light weight of such devices, and (d) relatively low cost (approximately $US189.00 for the software plus another $US500.00 for an iPad®). Such systems might also be appealing due to ease of use, ubiquity, and social desirability. Given that such devices are more costly and more complex to operate than a low-tech picture exchange system, for example, an important question is whether individuals with ASD and other developmental disorders are capable of learning, and interested in using, such devices for communication purposes.
A number of recent studies [15•, 16 TM software). The evaluation approach in these studies generally involved the use of single-case experimental designs [21] . Such designs are capable of demonstrating convincingly whether or not the intervention was in fact responsible for changes in one or more dependent variables (e.g., increase in correct use of the communication device). For example, Sigafoos et al. [18• ] evaluated a set of instructional procedures that were intended to teach two boys with ASD to request the continuation of toy play. The boys were aged 4 and 5 years and had estimated expressive language ages of less than 2 years. The target response was to select a TOY PLAY symbol from the iPad® screen when toy play was briefly interrupted. When a child tapped the symbol, the iPad® was programmed to produce a relevant phrase via its synthetic speech output function (i.e., "I would like to play with a toy.") via the Proloquo2Go TM software [13] . The effects of intervention were evaluated in a multiple-baseline across participants design [21] . During an initial baseline phase, the children had the AAC system, but were never prompted to use it when toy play was interrupted. Intervention was then introduced to each child in a staggered (delayed) fashion. The intervention procedures involved allowing the child to select a preferred toy and play with it for about 60 s. Toy play was then briefly interrupted for 10 s and the child was prompted to tap the symbol on the iPad® using the least amount of physical guidance necessary. Once the symbol had been tapped and the speech output occurred, the toy was returned and the child was allowed to continue playing. The return of toy play was intended to function as positive (and natural) reinforcement for selecting the symbol. Thus use of the iPad® was taught as a communicative request. With intervention, both boys learned to use the iPad®-based speech-generating device to request the continuation of toy play. The boys maintained this skill without prompting and generalized their newly taught requesting skills to other preferred objects. Acquisition of iPad®-based requesting was associated with a decrease in aggressive behavior (i.e., hitting the trainer) for one of the boys. The other boy did not engage in any aggressive behavior during the study.
Overall these findings suggested that application of wellestablished instructional procedures [22] 
Comparing the Suitability of AAC Options
Mirenda [23] noted that three main AAC options or modes have been evaluated for use with individuals with ASD and severe communication impairment. These are (a) manual signs, (b) picture-exchange, and (c) speech-generating devices. With the manual sign option, individuals are taught to produce gestures, such as the manual signs for DRINK and TOY. These signs are intended to be equivalent to speaking a word or phrase (e.g., I would like a drink please. or I would like to play with that toy.). With the picture-exchange option, individuals are often first taught to select a photograph or line drawing representing some object or concept (e.g., a line drawing of a cup or a photograph of a child playing with a toy) and hand it to a listener. Handing the photograph or line drawing to the listener is intended to be equivalent to speaking a corresponding word or phrase (e.g., I would like a drink please. or I would like to play with that toy.). Bondy and Frost [24] have developed a manualized approach for teaching this type of picture-exchange communication, referred to as the Picture Exchange Communication System (PECS). Use of a speech-generating device is often similar to using picture exchange, except that when the individual selects an icon (e.g., photograph or line drawing) from the display of the speech-generating device, relevant speech output is produced.
The speech output might be either digitized or synthesized depending on the device and software. There has been considerable debate regarding which of these three AAC options is best able to meet the communication needs of individuals with ASD and other developmental disorders [23, 25] . There are a number of research questions that might be asked, such as (a) which of these options is best suited to the learning and behavioral characteristics of individuals with ASD, (b) which option is easiest to learn, (c) which systems are maintained and generalize better, and (d) which option would be most effective across listeners and contexts? It has been argued, for example, that picture exchange might be easier to learn because selecting the correct line drawing or photograph from an array involves recognition memory, whereas producing the correct manual sign requires recall memory [26, 27] . In addition, line drawings and photographs could be seen as perhaps easier to learn than manual signs if the drawings/photographs are highly iconic, that is if the drawings or photographs look very much like the objects/ vocabulary that they are supposed to represent [28] . On the other hand, use of manual signs does not require shifting one's attention away from the communicative context, as is the case when one is required to select a line drawing or photograph from an array. In addition, each manual sign involves a unique topography, whereas using picture exchange or a speechgenerating device involves the same topography (i.e., handing over, pointing to, or touching the line drawing/photograph). These differences in attentional demands and response topographies might make it easier to learn to use manual signs than picture exchange or speech-generating devices [25] .
While each of these three AAC options has been successfully taught to individuals with ASD [26, [29] [30] [31] Other studies, however, have reported differential performance across AAC options. Flores et al. [34••] , for example, compared requesting performance of five children with developmental disorders with a picture-based communication system versus an iPad®-based speech-generating device. They found that communication either increased when the children used the iPad®-based speech-generating device or remained comparable to the level of performance observed with the picture-based system. Lorah et al. [35• •] reported differences in how quickly five preschoolers with ASD reached mastery criterion with a picture-exchange versus an iPad®-based speech-generating device. Specifically, three children reached mastery with the iPad® more quickly than with pictureexchange, but the other two children learned to use the picture-exchange system more quickly. These findings suggest that the time children with ASD require for mastering different AAC options might be related more to their individual characteristics than to differences in the level of difficulty posed by those options. Interestingly, four of the five children in the Lorah et al. study showed a preference for using the iPad®-based speech-generating device.
In line with the findings reported by Lorah et al. [35••] , van der Meer and her colleagues [36••, 37••, 38•, 39 ••] also reported differing acquisition rates and preference patterns. In the first of these studies [36••] , four children with developmental disorders were taught to request snacks or toys using three AAC options: (a) manual signs, (b) picture exchange, and (c) an Apple iPod Touch® with Proloquo2Go TM software. During and after intervention, the children were also provided with opportunities to choose among the three options to assess preference. The results for acquisition were that two children learned all three options in comparable amounts of time. The other two children learned to use picture exchange and the speech-generating device, but did not reach acquisition with the manual sign option. From the preference assessments, three of the four children most often chose the speechgenerating device (i.e., 61 to 100 % of the opportunities). The other child appeared to prefer using picture exchange as he chose it on 56 % of the opportunities.
Overall, the results of these comparative studies suggest that while some children are likely to learn one option more quickly and easily than others, there were no consistent differences with respect to which option was learned more quickly. In addition, the extent of performance differences across AAC options was not always very large. Indeed, most children in these studies eventually learned each of the options that were being taught and did so within a comparable period of time. This suggests that speed of acquisition might not be the most critical variable with respect to selecting AAC options for any given individual. A more consistent finding was that most children have shown a preference for using one of the AAC options that were taught.
The overall findings from these comparison studies suggest a possible new approach for selecting AAC options for individuals with ASD and other developmental disorders. Specifically, this approach would involve a three-stage process involving: (a) teaching the person to use multiple AAC options, (b) providing choice making opportunities to assess which option the person prefers to use, and (c) continuing intervention with the most preferred option. This approach could be seen as one way to incorporate aspects of selfdetermination into AAC interventions for individuals with ASD and other developmental disorders. Self-determination is viewed as being important in its own right, but providing such opportunity for choice and control might also increase the efficacy of intervention as noted by van der Meer and colleagues [39••, 40] . However, it is important to note that there is not yet sufficient data to make the claim that using a preferred AAC options improves outcomes from AAC intervention. The impact on preference for different AAC options on various intervention outcomes (e.g., speed of acquisition, generalization, and maintenance) would be an obvious area for future research.
Summary and Conclusion
Two current trends in AAC research for individuals with ASD and/or intellectual disability who also have severe communication impairment are (a) the use of emerging smartphone and tablet devices as speech-generating devices, and (b) comparisons of different AAC options in terms of acquisition and preference. Studies on the use of smartphone and tablet devices have mainly focused on teaching individuals to use iPods® or iPads® to make requests for preferred objects, although academic (i.e., picture naming) and social communication (e.g., making a greeting, answering questions) skills have also been taught. The results to date have been promising and suggest that individuals with ASD and other developmental disorders can learn to use this technology for communication purposes using well-established instructional strategies. Additional research is needed to investigate how this technology might be optimally used to enhance the communication and social functioning of individuals with ASD and/or intellectual disabilities and severe communication impairment.
Studies comparing different AAC options have mainly focused on comparing picture-exchange systems to the use of speech-generating devices, although a few studies have also compared manual signing to both picture-exchange systems and speech-generating devices. While there have been some differences in acquisition rates with these different options, there does not appear to be any consistent advantage for any particular AAC option. Studies that have included preference assessment have found that most participants show a preference for using one of the options they have been taught to use. The preferred option has varied across individuals. The finding that most participants showed a preference suggest that people with ASD and/or intellectual disability might be able to self-determine which of several AAC options should be incorporated into their AAC intervention.
